The article presents the thesis that the selection of the optimal site for the location of a logistics centre requires the selection of a number of criteria that determine the success of the investment. In addition to the points of space where different types of transport, more complex traits should also be considered. These include the availability of markets, economic zones and the potential of the area in terms of by social and economic factors.
INTRODUCTION
Poland is a transit country, crossed by its pan-European transport corridors in the eastwest and north-south directions. Due to its geographical position, Poland is able to use virtually all modes of transport for the implementation of intermodal transport. An essential element of the organization of intermodal transport is an efficient transport infrastructure, both linear and hubs [Kazak et al. 2018] . In the case of Polish infrastructure, this should comprise of good quality rail lines and a network of container terminals, allowing transhipment of units between the various means of transport. In Polish practice, intermodal transport using inland waterways is essentially non-existent. Solutions have been found, however, that combine shipping with rail and road. The main transportation difficulties (not only associated with the development of infrastructure [Krzyżaniak et al. 2012 ] are related to the lack of a coherent policy on the national level [Straka et al, 2018] .
The availability of a transport infrastructure within an area requires development not only of the transport routes such as motorways, which play a great role in optimizing the flow of people and goods, but also important requires the identification of designated towns, where there are facilities for redirecting freight and expanded range of additional functions [Merkisz et al. 2014; Merkisz-Guranowska 2013 , Hadas, Cyplik, Adamczak 2015 .
The aim of the study is to present the possibility of using methods of multi-criteria analysis as a tool for decision support, to choose the optimal area for future investment, which will be a logistics centre. Methods of multi-criteria analysis also allow the search for compromise solutions which take into account both the analyzed criteria and preferences of stakeholders [Nielsen at al. 2017; Żak, Węgliński 2014] . The study uses: research potential economic and social, based on correlations of statistical analysis of the differences in the development of competitive advantage municipalities (based on strategic documents of municipalities, as a case study and identify factors topography. A similar method enables multi-criteria decision support, presented Witkowski, Kiba-Janiak, Hajduk, Żak and pointing to the relationship taking into account the specific set of criteria [Witkowski, Kiba-Janiak 2014; Hajduk 2017; Żak 2011 , Hadas, Stachowiak, Cyplik 2011 . Described in section fifth example, the location of the logistics centre in Lubuskie given to illustrate the method. In Lubuskie, the second-smallest Polish province in terms of population (just over 1 million inhabitants), there is a lack of both intermodal and multimodalogistic centres and are only a limited number of container transfer stations operated by PKP CARGO [Kazak et al. 2018] . Transshipment points include, among others, the cities of Zielona Góra, Gorzów Wielkopolski, Kostrzyn, Świebodzin, Sulechów and Nowa Sól. The main hubs in Lubuskie are located in the following cities: Świebodzin (Node Świebodzin) -motorway A2 (E30), national roads: 3 (E65), 92 provincial 276, 303, railway line 2 (E20 -CE20), and the airport of international importance in Babimost, 15 km away from the European Moscow-Berlin corridor [Witkowski et al. 2016] .
Documents indicating the direction of spatial development in the province of Lubuskie indicate that the optimum place to be designated for the location of the logistics centre is Świebodzin. The spatial development plan for Lubuskie province in the direction of politics No. 8 indicated Świebodzin as a node of the European multimodal transport network [Resolution No XXII/191/12] .
LOGISTICS CENTRES IN STRATEGIC AND REGIONAL POLICY
The decision to set up a logistics centre (in terms of both time and place), should be the result of a consciously adopted action plan based on an analysis of the status and potential of the economies of individual regions of the country. The optimal location of logistics centers requires selection of the many features that meet some of the criteria adopted in the article. The study took into account only the internal conditions for several cities in the province lying at the crossroads. Due to the accepted test method, external conditions were completely omitted.
Many studies in the field of engineering and road safety as well as studies on flows of traffic indicate that the hub is a necessary condition, but not sufficient alone, for the location of the logistics center, and the value Witkowski K., Mrówczyńska M., Bazan-Krzywoszańska A., Skiba M., 2018 . Methods for determining potential sites for the location of logistics centres on the basis of multicriteria analysis. LogForum 14 (3), 279-292. http://dx.doi.org/10.17270/J.LOG.2018.282 281 of a transport hub is also due to the hierarchy of roads and their superiority in relation to railways [Wiśniewski 2015; Francik et al. 2017] . In literature, the choice of location of the logistics center is associated with the selection criteria for formation of a complex project (the classical theory of central place theory: nodes of road and rail transport, availability of infrastructure, the density of the regional transport network, throughput and quality standards and the theory of institutional and regional development: transaction costs, growth poles, economic base, regional innovation systems, related diversity and others [Krzyżaniak et al. 2012; Wichmann et al. 2015] . A distinction is made between local (radius of interactions 5 -8 km), regional (radius of interactions 50 -80 km) and international logistics centres (radius of interactions of 500 -800 km). This indicates a relationship between the size of the area of the logistics centre and the potential scale of the freight, as well as the nature of the expected logistic services. It also presents the features of topographic and land development as an essential element of the cost of preparing the investment. Also important are: the availability of location and type of ownership relations, as well as the status of the potential investment as related to the cost and time of the investment [Kabashkin et al. 2005; Wiśniewski 2015; Wichmann et al. 2015 ].
In the experiments described in Western Europe we can observe different forms of management processes in the development of logistics centres and use of instruments to support development through: − networking cooperation with centres in the global economy, − awareness of the public sector to support and accelerate the processes of creating centres, − creating a model based on close collaboration between public and private sectors, for example in Germany, the government partially or completely covers the cost of construction of logistics centers, − alongside the support of the national government, support is received from local authorities and regional chambers of commerce and may even include actions aimed at -for example -the quick (municipal) and supra-local (county, provincial and national) and national (including the international investment and trans-regional) (...) regardless of the status of the entity performing these activities and sources of funding (...)"; − establishing public -private cooperation for the disbursement of funds for public purposes. This means that there is a need for a system within the public administration, which allows for intervention in matters of public finances close to their place of execution, assuming that the course of action matches the objectives at the regional level, and is thus consistent with the policy of the country.
Regional policy has steadily gained importance since the mid 1960s. Regions have received more and more powers and tasks, especially in the wake of the dispersion of EU and national funds. Regional planning is growing in importance, and regional spatial policy now plays an important role in the economic development of the region. Kaźmierski [2012] wrote that "The experience of developed countries shows that the centres operating in regional companies usually take over the implementation of the basic logistics functions, such as forwarding, transport and storage.". The task of logistics centres is to create added value in the flow of goods, mitigating or eliminating the negative impact that logistics activities have on the environment, as well as supporting and initiating positive trends and business development. Logistics centres affect the growth of efficiency and effectiveness of logistics processes, customer service, create value in the supply chain and reduce logistics costs. Regional logistics centres or centres of logistics services (CUL) may specialize in comprehensive services to different customer groups, and perform the function of an additional link that integrates the entire system of logistics, eliminating potential disruption of the supply chain, which can arise, for example, in the use of foreign distribution channels [Jedliński 2000] .
RESEARCH METHOD
The problem with the decision to place the location of logistics centers can be analyzed in different categories e.g. the approach in the formulation of the decision problem, the number of criteria for evaluating potential locations taken for analysis approach on the issues of risk and uncertainty and the number of analyzed potential sites for location or depending on topographical and statistical occurring in the analyzed areas [Żak, Węgliński 2014; Hajduk 2017] .
Source: own study based on Jezierski et al. 2016 Fig. 2. Algorithm for decision support using MCDA Witkowski K., Mrówczyńska M., Bazan-Krzywoszańska A., Skiba M., 2018 279-292. http://dx.doi.org/10.17270/J.LOG.2018.282 283 Modelling issues of decision-making involves a sequence of steps consisting of mapping a set of allowable decisions based on a set of benefits, taking into account conditions relevant to the decision-maker, also called states of the external world [Jezierski et al. 2016] . Models of decision-making issues, depending on the type of model, can be built and solved using methods such as differential calculus, linear programming and nonlinear probabilistic methods and mathematical statistics, game theory, and fuzzy systems and neuro fuzzy networks [Aouam et al. 2003; Mardani et al. 2015] .
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In order to perform the encoding process in this article we used coding according to Neumann-Morgenstern, who applied the following formulas:
(for stimulant) (1) (for destimulant) (2) where: yij -coded measure of the i-th embodiment of the j-th test. xij -a measure of the i-th variant of the j-th criterion, xjmin -minimum value of measure for fractional j-th criterion, xjmax -the maximum value of measure for fractional j-th criterion.
In contrast, synthetic evaluation presented alternative solutions for the best location of the logistics center using a summation index Ji, recorded as [Jezierski et al. 2016] :
SELECTION OF THE BEST LOCATIONS TO ILLUSTRATE THE USE OF THE MULTI-CRITERIA METHOD
The approach used in the work is based on multi-criteria analysis methods requiring the pre-definition of a coherent set of criteria, a set of feasible solutions (variants) and the determination of the results allowing the best location to be determined, taking into account the criteria and preferences of stakeholders. A characteristic feature of the location decision is the fact that it is taken in relation to the particular system and economic development that already exists. This creates consequences for efforts to optimize the deployment of newly designed buildings [Całczyński 1992 ]. As a result of this, to fulfil the needs of the article 13 villages lying on the crossroads of transport corridors in Lubuskie were selected as an example to illustrate the applied research methodology (Table. 1 ). The study does not take into account the weighting and impact of places beyond the borders of the Lubuskie province and the influence of external conditions. The method of assessment of the weighting of the transport corridor modelling was adopted from grading submitted by Witkowski, [Witkowski et al. 2016 ].
The participation of Lubuskie province in national exports in terms of its value in 2015 is as follows. The province is ranked 9th in the country with a value of close to EUR 4 billion. In this respect, Lubuskie was only slightly lower than the Lodz voivodship (4.3 billion) and Podkarpackie (4.04 billion EUR). Lubuskie has maintained an uninterrupted surplus of exports over imports since 2010, which can be considered a win-win situation.
By analyzing the location of exporters (i.e. Heat map) in the development of Bluehill Analytical Centre of Customs Administration, attention can be paid to the large concentration of exporters in the municipalities of Zielona Gora (157 subjects) and Gorzów Wielkopolski. According to PZPWL, "in addition to the development of production, Lubuskie has potential for the development of transport services. Areas that have a predisposition in this regard are the nodes, and in particular the nodes of rzepiński, świebodziński, kostrzyński, nowosolski, zielonogórski, sulechowski, żarski and żagański." Location service centres in the transport Lubuskie depend on the A2 motorway, S3 expressway, national roads and the use of river ports for economic purposes. "(...) in addition to being located in designated areas with adequate availability of transport (road and rail), they are located in places where there are special economic zones and where companies specializing in freight forwarding and logistics operate (Świebodzin) (...)".
In order to solve the given problem which was the choice of an optimal location for a logistics centre in the province of Lubuskie, which is a form of analysis of the correlation of the socio-economic potential of the 13 selected locations for their ability to attract planned centers in the preliminary stage were used as research methods, statistical methods (based on the local database and Internet System Analysis of local Government). Policy and planning documents (including projects from 2016) were analyzed to determine the characteristics and criteria of impacts, which are subject to weighting and hierarchy. To identify the criteria for selecting the optimum location, the research assumed the location factors proposed by Górecka [Górecka, Maksymiuk 2017] , which can be divided into three groups: natural factors (raw materials, availability of land, ecological barriers) economic and technical factors (market, labour force, the benefits of agglomeration) and socio-political factors (social, political, strategic and military).
The work includes measurable criteria for location factors, namely: the geographical location of the region and its topographic features, access to a wide range of infrastructure (e.g. Educational, scientific, legal, administrative, and performance and Witkowski K., Mrówczyńska M., Bazan-Krzywoszańska A., Skiba M., 2018 279-292. http://dx.doi.org/10.17270/J.LOG.2018.282 285 quality of operation of this infrastructure), location and connection to an external network infrastructure and technical services, size, quality and diversity of human capital, industry structure, size and type of ownership of existing businesses. The use of decision-making methods based on multi-criteria comparative analysis requires the formulation of a preliminary set of criteria, which should be the critical parameters, allowing for recognition of a decision on the location as acceptable, or eliminating it from the set of possible locations. These critical features (in the case of the search for the optimal location for logistics centres) may include: costs of land purchase (which cannot exceed the capacity of the financial investor), planning provisions, availability of land for this type of investment or the maximum distance of communication infrastructure. To perform the analysis, an initial set of criteria consisting of the following factors determining the location of logistics centers was used: − the administrative hierarchy -the seat of the municipality, county, governor, − availability of multi-drop communication infrastructure, − population, − availability of economic zones, − the price of land, − the cost of labour, − the amount of property tax, − availability of market, − availability of qualified staff, − development plans, , Witkowski K., Mrówczyńska M., Bazan-Krzywoszańska A., Skiba M., 2018 . Methods for determining potential sites for the location of logistics centres on the basis of multicriteria analysis. LogForum 14 (3), 279-292. http://dx.doi.org/10.17270/J.LOG.2018.282 286 − records of planning documents, − size of economic zones, − number of players (exporters) in the resort, − the attractiveness of investment in 2015, according to the report SGH; Fig. 3 . Scheme of communication in Lubuskie and location of the cities that were selected for testing potential site locations for logistic centres Witkowski K., Mrówczyńska M., Bazan-Krzywoszańska A., Skiba M., 2018 . Methods for determining potential sites for the location of logistics centres on the basis of multicriteria analysis. LogForum 14 (3), 279-292. http://dx.doi.org/10.17270/J.LOG.2018.282 287 After analyzing the initial set of criteria a number were selected to form the final set. These were chosen to be administrative hierarchy, the availability of multi-drop communication infrastructure, the population, the rate of property tax, the availability of qualified staff, the size of economic zones and the availability of markets in relation to provincial cities: Zielona Gora and Gorzów Wielkopolski. The value of individual criteria is presented in numerical form and encoded according to the Neumann-Morgenstern rule (1) and (2), and compiled in Table 2 . The next step was to evaluate using a synthetic index of summation by the formula (3).
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RESEARCH RESULTS
On the basis of an analysis of the results obtained by the methods of multi-criteria analysis, shown in Table 3 , we can conclude that the most favourable conditions for the location of logistics centres (taking into account the final set of criteria presented in Table 2 ) were offered by the towns of Zielona Gora, Gorzow Wielkopolski, Nowa Sól and Kostrzyn, and the least favourable were Żagan and Czerwieńsk. It can be seen that the strategic documents of the province from just a few years ago include a Political Declaration for a regional multimodal centre in Świebodzin. This location, however, was misguided and not verified by economic reality. Perhaps if the A2 motorway did not bypass the city, a logistics centre could arise. The author's selection criteria, together with the underlying analysis indicated that, the most advantageous location for logistics center in sites for the location of logistics centres on the basis of multicriteria analysis. LogForum 14 (3), 279-292. http://dx.doi.org/10.17270/J.LOG.2018.282 288 the region Lubuskie, characterized by the city: Zielona Góra, Gorzów Wielkopolski, Nowa Sól and Kostrzyn. Obtained, using the above method, the information also allowed to predict the town (Świebodzin, Międzyrzecz), which have significant potential but require actions to strengthen their economic development for the location of logistics centers.
The authors realize that the method is limited by data availability. With accurate data, mathematical methods can be used for solving the problem (including multi-criteria analysis), but the uncertainty and inaccuracy inherent in the structure of information makes it to solve such problems are a better use of models based on fuzzy reasoning and approximate [Mardani et al. 2015; Aouam et al. 2003 ] that should be an indication for future research. Nevertheless, the use of methods of multi-criteria decision support allowed a ranking of cities with regard to the criteria included in the study.
CONCLUSIONS
A logistics centre can have a significant impact on the labour market, the size and type of new business investment and the environment. The economic development of the region may depend on a logistics centre, which plans streamlined freight transport, reduces the cost of its operation and shortens delivery times when fully equipped with technical infrastructure, for example. Logistics centres, as well as promoting activity, can contribute to an increase in investment in economic zones.
The use of a decision-making method for multi-criteria comparative analysis can be a simple and clear way to establish a hierarchy of the most favourable locations for logistics centres. In this method, an important advantage is that the final set of criteria is not strictly defined and can be supplemented by criteria that are relevant to a particular investor. By analyzing data available from Lubuskie province the most favourable locations (considering criteria) were: Zielona Góra, Gorzów Wielkopolski, Nowa Sól and Kostrzyn. The information obtained also allowed for the towns of Świebodzin and Międzyrzecz to be recognised as having significant potential, but first require actions to strengthen their economic development for the location of logistics centres.
To strengthen the development of the region based on the activities of logistics centres, their activation through closer cooperation between companies operating within the economic zones in the sphere of regional science and companies in the field of Small Medium Enterprises is necessary. It is also necessary to monitor the functioning of economic zones in order to determine the demand for investment areas and possibly increasing the area of investment in the individual subzones. Meanwhile, even after the organization of the county workshops, whose aim was to identify the developmental needs of each part of Lubuskie, in the context of carrying out the mid-term assessment of the impact of the Regional Development Strategy for Lubuskie, within Lubuskie Maps of Needs and Aspirations (2011), the idea of logistics centres was not well supported. Although one of the strengths was a well-developed, dense network of roads and rail infrastructure identified as a growth potential, significant issues were raised. These include the very bad technical condition of most of the buildings and facilities referred to collectively as the railway infrastructure, along with the negatively rated technical condition of roads of all categories. In addition, direct interventions to support investment in the field of comprehensive communication infrastructure only created P & R type nodes (park and ride), with logistics centres being omitted.
It can be observed that municipalities and cities are willing to take decisions on grants for the construction and modernization of roads in the vicinity of planned investments such as large service complexes (hypermarkets and shopping centers), so the same could happen in the event of a network of logistics centres [Stanczyk et al. 2015] .
In accordance with the provisions of the RPO-L2020, the concentration of operations should be among following areas:
− support the creation of investment areas, which could translate into further development of existing SMEs and to attract new investors, the emergence of more jobs and the development of subcontractor networks; − support the diversification and expansion of activities of local firms, especially in foreign markets, through the introduction of new business models, especially those enabling international economic cooperation; − support in the area of export business enterprises, which promotes the internationalization of the offer, strengthening the position on the global market; − promotion of the region as a place of profitable investment opportunities, which will result in intensification of economic cooperation, increase trade exchange and attracting new capital investment to the region;
It can therefore be concluded that a logistics centre is a desirable and significant investment which, with the support of the region and the individual cities, should become an economic priority.
Logistics centres are a very important factor in the development of cities. The meaning and scope more often goes far beyond the distribution of goods. These operations combine logistics and integrate many areas of the supply chain.
It is worth noting that the presented method is versatile and can be easily implemented and used to optimize the location of logistical infrastructure (e.g. warehouses, routes and hubs, commercial buildings). The multi-criteria analysis method, used to determine the optimal location of logistics centers in Poland, can be used to determine the optimal locations in other European countries and the world. The universality of the method, based on an unambiguous way of choosing variants of places of location, building a set of criteria and the method of data coding and obtaining the best solution, allows to transfer the proposed method into any geographical space. The proposed solution allows users to extend the set of criteria with elements characteristic of a given country, both due to legal and geographical conditions. The very process of selection of the optimal location is a complex process, and the analysis presented relates to specific locations in Lubuskie (i.e. a micro analysis).
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